APPARATUS FOR DETECTING COMPRESSION 
TOP DEAD CENTER OF AN ENGINE 



BACKGROUND OF THE INVENTION 

5 The present invention relates to an apparatus that is attached to an engine under 

test and detects the compression top dead center during the compression stroke of that 
engine. 

Conventionally, apparatuses for so-called "cold testing" have been used to test 

an engine without running it. This type of apparatus is provided with a driving portion 
10 that is connected to the engine's crankshaft and that forces that crankshaft to rotate to 

perform various kinds of engine tests, such as for the open and close timing of the 

intake valve or the exhaust valve. 

Such cold testing is performed not only on finished engines, but also on 

engines that are not fully assembled, such as engines to which the injection nozzles and 
15 spark plugs have not yet been installed. Such engine testing can, thus, reduce the 

manpower necessary for any design changes. 

When performing the various engine tests mentioned above, the compression 

top dead center of the engine being tested is ordinarily set as a reference point. Here, 

the compression top dead center is defined as the phase of the crankshaft corresponding 
20 to the top dead center of the piston during a compression stroke of the engine under test. 

Consequently, the compression top dead center of the engine under test needs to be 

detected before the engine tests. 

Among conventional compression top dead center detection apparatuses, as 

disclosed for example in JP 2001-82238A, there are apparatuses that detect the 
25 compression pressure within the cylinders with pressure sensors that are attached to 

mounting holes for the injection nozzles or spark plugs of the engine under test. These 

apparatuses rotate the crankshaft of the engine under test from the outside with a motor, 



detect the rotation phase of the crankshaft with a rotation sensor, furthermore detect the 
phase of the crankshaft corresponding to the maximum pressure detected by the 
pressure sensor, and detect the compression top dead center phase from the phase 
corresponding to this maximum pressure point, thus detecting the compression top dead 
5 center while the injection nozzles and spark plugs have not yet been installed. 

In the above-mentioned JP 2001-82238A, the crankshaft is rotated at various 
rotation speeds from slow speeds to high speeds, and the maximum pressure phase is 
determined for each of those rotation speeds. Based on the relation between these 
maximum pressures phases and the rotation speeds, an experimental function is 
10 determined that has an asymptotic line for infinitely large rotation speeds, and the phase 
corresponding to this asymptotic line is detected as the compression top dead center 
phase. 

However, there are times when engine testing has to be performed with the 
injection nozzles and spark plugs already put in place. But with the above-described 
15 conventional apparatus, this is not possible, because it is designed to use the mounting 
holes for the injection nozzles and spark plugs of the engine to mount the pressure 
sensors. 

SUMMARY OF THE INVENTION 

20 In view of the above-described problems, it is an object of the present 

invention to provide an apparatus for detecting a compression top dead center that can 
detect the compression top dead center of an engine to be tested even when the injection 
nozzles and spark plugs have been mounted. 

In accordance with the present invention, an apparatus for detecting a 

25 compression top dead center includes an external driving portion for driving a 
crankshaft of an engine, a phase sensor for detecting a top dead center phase of the 
crankshaft, which corresponds to a top dead center position of a specified cylinder of 
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the engine, an exhaust pressure sensor that is arranged in an exhaust duct connected to 
an exhaust port of the engine, and that detects an exhaust pressure in the exhaust duct, 
and a controller that receives a signal from the exhaust pressure sensor. 

With this apparatus for detecting a compression top dead center according to 
5 the present invention, no pressure sensor is attached to the mounting holes for injection 
nozzles or spark plugs, so that it is possible to detect the compression top dead center of 
an engine to be tested even when the injection nozzles and spark plugs have been 
mounted. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a conceptual diagram of an engine testing apparatus in accordance 
with the present invention. 

Fig. 2 is a conceptual diagram of an engine under test. 

Figs. 3 A to 3D illustrates the steps in engine operation, showing the essential 
15 parts of the engine under test 

Fig. 4 is a graph illustrating crankshaft phase, piston phase, and 
opening/clo sing of the exhaust valve. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 A detailed description of preferred embodiments of the present invention is 

given next with reference to the accompanying drawings. 

As shown in Fig. 1, an engine testing apparatus in accordance with the present 
invention includes a driving portion 3, various sensors S, and a controller H. The 
driving portion 3 is connected to a crankshaft 4 of an engine 1 to be tested, which is 

25 placed on a pallet P, and includes an electric motor 2 that forces that crankshaft 4 to 
rotate. It is preferable that a shaft 2a of the electric motor 2 is attached, in any 
conventional manner, to a flywheel 4a which in turn is attached to the crankshaft 4. 
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The controller H, which includes a CPU and a memory, controls the rotation 
speed of the electric motor 2, and detects the compression top dead center, based on 
detection information of the various sensors S, which include an exhaust pressure sensor 
16 (described later) mounted to the engine 1 under test. The controller also has the 
5 capability to carry out various kinds of engine tests, utilizing the detected compression 
top dead center as a reference position. 

The engine testing apparatus is further provided with an encoder 5 serving as a 
phase sensor for detecting the rotation angle of the crankshaft 4. Based on the 
information detected by the encoder 5, the controller H detects the top dead center phase 
10 of the crankshaft 4. The information detected by the encoder 5 can be correlated with 
the top dead center of the engine cylinders by storing a signal from the encoder 5 when 
the cylinder has reached top dead center, or by any conventional method. 
Consequently, the encoder 5 and the controller H constitute a top dead center detection 
means. 

15 In this embodiment, a 4-cylinder 4-cycle engine, as shown in Fig. 2, is used as 

an example of the engine 1 under test. This engine is provided with a crankshaft 4 that 
is coupled via a connecting rod 8 to the pistons 7 of cylinders 6, and a cam shaft 1 1 
having a cam for opening and closing intake valves 9 and exhaust valves 10. The 
crankshaft 4 and the cam shaft 11 are coupled by a timing belt 12 such that for every 

20 two rotations of the crankshaft 4, the cam shaft 1 1 makes one rotation. 

The pistons 7 of the cylinders 6 move vertically as the crankshaft 4 rotate, and, 
the intake valves 9 and the exhaust valves 10 open and close as the cam shaft 11 rotates. 
The component denoted by the numeral 13 in Fig. 2 is a spark plug. 

Of the four cylinders 6 of the engine 1, cylinder 6a is set as the reference 

25 cylinder 6a. As is shown in Figs. 3 A through 3D, an exhaust pressure sensor 16 is 
provided within an exhaust duct 15, which is airtightly connected to an exhaust port 14. 
In the exhaust duct 15, downstream from the position of this exhaust pressure sensor 16, 
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an orifice 17 is provided that reduces the cross-sectional area of the exhaust duct. 
Thus, changes in the exhaust pressure within the exhaust duct 15 can be detected 
accurately with the exhaust pressure sensor 1 6. 

To test the engine, first, the engine 1 to be tested is placed on a pallet P, and is 
5 transported to the testing position with a transport device, such as a conveyor or a 
carriage. Then, the driving portion 3 is coupled fixedly to the flywheel 4a provided on 
the crankshaft 4. Next, the controller H lets the electric motor 2 rotate while 
controlling its rotation speed, so that the crankshaft 4 is forced to rotate by the electric 
motor 2 at the testing rotation speed. This causes the piston 7 to move up and down, 

10 as shown in Figs. 3A through 3D. The intake valve 9 and the exhaust valve 10 open 
and close, and the engine 1 under test repeats the following sequence: intake stroke (Fig. 
3A), compression stroke (Fig. 3B), expansion stroke (Fig. 3C) and exhaust stroke (Fig. 
3D). Thus, cold testing is performed, in which various types of engine tests, such as 
performance or open/close timing of the intake valve 9 or the exhaust valve 10, can be 

15 carried out without actually running the engine. 

With this engine testing apparatus, the compression top dead center of the 
engine 1 under test serves as the reference point for the various measurements during 
the above-described cold testing. Consequently, the controller H first detects the 
compression top dead center of the engine under test while the crankshaft 4 is rotated at 

20 a test rotation speed with the driving portion 3. That is to say, the controller H detects 
with the encoder 5 the top dead center phases of the crankshaft 4 corresponding to top 
dead center of the reference cylinder 6a, and detects an increase in exhaust pressure that 
accompanies the opening of the exhaust valve 10. Of the top dead center phases 
detected by the encoder 5, the controller H detects the top dead center phase before the 

25 exhaust pressure detected by the exhaust pressure sensor 16 increases as the 
compression top dead center phase. In the stroke in which an increase of the exhaust 
pressure is detected, the exhaust pressure is detected at least at two different phases of 
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the crankshaft 4, the corresponding detection values are stored by the controller H, and 
those exhaust pressures are compared. It is preferable that at least two exhaust 
pressure values are detected during the compression stroke. 

Referring to the graph in Fig. 4, the following is an explanation of the relation 
5 between the phase of the piston 7, the opening and closing of the exhaust valve 10, and 
the phase of the crankshaft 4 in the process of detecting the compression top dead center 
of the engine under test. 

In 4-cycle engines, the piston 7 moves up and down twice during one sequence 
of intake stroke, compression stroke, expansion stroke and exhaust stroke, so that there 
10 is a top dead center in two strokes, namely the compression stroke and the exhaust 
stroke. 

Tl and T2 in Fig. 4 denote the two top dead center phases of the crankshaft 
corresponding to the top dead center of the piston 7. EX denotes the range of phases 
during which the exhaust valve 10 is open, and IN denotes the range of the phases 
15 during which the intake valve 9 is open. 

When the exhaust valve 10 is opened, the exhaust pressure in the exhaust duct 
15 connected to the exhaust port 14 rises, so that of the two top dead centers Tl and T2 
detected by the encoder 5, the top dead center phase Tl, which immediately precedes 
the time when the exhaust pressure increases, as detected by the exhaust pressure sensor 
20 16, is detected as the compression top dead center. 

The exhaust valve 10 is opened for a period of time between the top dead 
center phase Tl in the compression stroke and the top dead center phase T2 in the 
exhaust stroke. Due to the opening of the exhaust valve 10, the air in the cylinder 6a 
flows through the exhaust port 14 into the exhaust duct 15, and the exhaust pressure 
25 detected by the exhaust pressure sensor 16 increases. 

Consequently, of the two top dead center phases detected with the encoder 5, 
namely the top dead center phase Tl during the compression stroke and the top dead 
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center phase T2 during the exhaust stroke, the top dead center phase Tl, which directly 
precedes the increase of exhaust pressure detected by the exhaust pressure sensor 16, is 
the top dead center phase during the compression stroke, so that the top dead center 
phase of the crankshaft 4 during the compression stroke can be detected. 
5 Consequently, with the engine testing apparatus according to the present 

invention, it is possible to detect the compression top dead center of the engine under 
test while the injection nozzle and the spark plug 13 are mounted, by detecting the top 
dead center phases with the encoder 5 and an increase in the exhaust pressure with the 
exhaust pressure sensor 16. Also when injection nozzle and spark plug are not 
10 mounted, it is possible to detect the compression top dead center of the engine under 
test by closing the attachment holes for injection nozzles and spark plugs. 

Other Embodiments 

In the foregoing embodiment, an example was described in which an encoder is 
15 provided as a phase sensor for detecting the phase of the crankshaft 4. It is possible to 
use a magnetic sensor or an optical encoder as the phase sensor. 

There are several options regarding the location of the encoder. As shown in 
Fig. 1, the encoder 5 may be positioned at the base end of the engine testing apparatus. 
In this case, it is preferable that the rotary movement of the crankshaft 4 is transmitted 
20 to the encoder 5 by a timing belt engaging a pulley attached to the flywheel 4a or the 
shaft 2a of the engine 1 . 

As another example of the phase sensor for the crankshaft 4, it is also possible 
to arrange the phase sensor near the shaft of the electric motor 2 to directly detect the 
rotation of that shaft. For example, it may be a magnetic sensor detecting a metal 
25 piece or a magnet attached to the shaft 2a of the electric motor 2. 

If the phase sensor is an optical encoder, then it is possible to detect the top 
dead center , phase by providing a rotor that rotates in synchronization with the 
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crankshaft 4 and in which a slit is formed at a location corresponding to the top dead 
center of the piston 7, and detecting the phase of the crankshaft 4 that corresponds to the 
slit position in the rotor using a light-emitting means and a light-receiving means. 

Further modifications of the device and method for detecting the top dead 
5 center phase of the crankshaft 4 in the present invention are possible. 

In the above-described embodiment, an orifice 17 is provided in the exhaust 
duct 15 downstream of the detection position of the exhaust pressure sensor 16, but the 
orifice 17 can be replaced by a throttling valve or does not necessarily have to be 
provided. 

10 In the above-described embodiment, the driving portion 3 rotates the crankshaft 

4 through rotation of the electric motor 2, but other kinds of driving means, such as 
hydraulic motors for example, may be used as appropriate. 

In the above-described embodiment, the exhaust pressure sensor 16 and the 
orifice 17 are provided and the compression top dead center is detected only in the 

15 reference cylinder 6a of the four cylinders 6, but it is also possible to change the number 
of cylinders for which the compression top dead center is measured as necessary. 

In the above-described embodiment, a 4-cylinder engine was given as an 
example of the engine to be tested, but it is possible to change the number of cylinders 
of the engine to be tested as necessary. Furthermore, it is possible to change the 

20 number of intake valves 9 and exhaust valves 10 of the engine to be tested as necessary. 

In the above-described embodiment, an apparatus for testing various kinds of 
engines is disclosed, that includes the compression top dead center detection apparatus 
of the present invention as one portion, but the present invention also encompasses 
apparatuses that perform only the detection of the compression top dead center. 

25 
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